Abstract: Several epidemiological studies have found associations between turbidity in drinking water supplies and acute gastrointestinal illness, although these results have been controversial. This project sought to critically evaluate these epidemiological studies through a workshop of multidisciplinary subject matter experts. Pre-and post-workshop surveys were conducted to assess any changes in opinion occurring after the one-day workshop where issues identified in the literature review were discussed. Changes were mostly small, non-significant shifts toward less favourable views of the studies. The only significant change was a shift weak agreement to weak disagreement with the statement that more should be done to ensure US drinking water quality. Responses to questions differed significantly by affiliation, discipline, and by role in the study. The survey results indicate that the workshop did not produce consensus among the participants. The survey provided a means of documenting differences in opinions expressed by all workshop attendees.
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Introduction
A number of epidemiological studies have found relationships between small variations in turbidity at plants meeting US drinking water standards and rates of acute gastrointestinal illness. These results have been controversial. Turbidity is a measure of the optical scattering properties of particulates in water (Burlingame et al., 1998 ) that does not have a direct mechanistic tie to health outcomes. Nevertheless, turbidity has long been used as an indicator of water quality given that the presence of particulates in drinking water may indicate both source water quality and treatment process effectiveness. Turbidity has been correlated with microbiological contamination in source water and finished water (LeChevallier et al., 1991a (LeChevallier et al., , 1991b . During the Milwaukee cryptosporidiosis outbreak of 1993, turbidity levels were elevated, ranging from 1-2 nephelometric turbidity units (NTU) at one of two local water treatment plants (Naumova et al., 2003) . Drinking water regulations have changed greatly since 1993 with current regulations requiring that 95% of measurements be less than 0.3 NTU and that all measurements be less than 1 NTU.
The epidemiological studies reporting relationships between turbidity and acute gastrointestinal illness have been criticised on a number of grounds. A full treatment of the concerns with the studies and responses to these concerns is outside of the scope of this paper. The review of De Roos et al. (2017) found that the collective results provided a weight of evidence for an underlying association between turbidity and drinking water-induced gastrointestinal illness, while recognising that non-randomised studies cannot definitively establish causality. Table 1 provides a brief overview of the issues with the studies. While a formal rating system (e.g., Guyatt et al., 2011) was not employed, these issues were identified based on a consideration of epidemiological principles in the specific context of these studies and are generally concordant with issues addressed by such rating systems. Table 1 is not intended as a full discussion of a complex issue but rather to provide the reader with some background on specific issues that have been raised regarding these studies.
Expert workshops are frequently used to pool knowledge across different disciplines and develop consensus recommendations or weight of evidence findings, particularly for contentious issues such as the association between turbidity of US water supplies and gastrointestinal illness. The outcomes of expert workshops are often summarised in reports, but systematic evaluation of expert workshop outcomes is not consistently conducted. However, there are formalised methods for structuring expert interactions. Two of the most common are the nominal group technique and the Delphi method (van Teijlingen et al., 2006) . The nominal group technique involves participants reflecting on priorities, proposing ideas, and voting on the ideas. The Delphi method involves an anonymous survey of experts, providing the experts with the survey results, including explanations for the responses, and repetition of the process. Both methods seek to moderate the influence of dominant individuals and provide a structure that requires the consideration of diverse viewpoints before final assessments are reached. These structured approaches have been found to be superior to less structured, conventional group interactions, in generating more ideas and increasing the satisfaction of participants with the process (Van de Ven and Delbecq, 1974) . However, the more structured approaches do necessarily reduce the flexibility of interactions. The topics to be evaluated are generally fixed in advance by the conveners. Thus, a more conventional discussion approach may still have value, particularly in cases where the issues to be evaluated are not well specified in advance and time does not permit the use of sequential formal approaches to structuring the assessment.
This study conducted a pre and post-workshop survey of opinions of participants that attended an expert workshop on epidemiological studies of the association between drinking water turbidity and acute gastrointestinal illness. While discussions were moderated, specific structured interactions such as the nominal group technique and Delphi process were not employed. Instead, this study evaluated the changes in participant opinions after a common activity, a face-to-face expert workshop with a defined agenda and with fairly conventional discussion periods. 
Measurement error
Measurements of turbidity are imprecise and may be biased low (higher errors are corrected since they trigger regulatory compliance issues).
Errors in turbidity would need to be correlated with spikes in gastrointestinal illness to induce an association.
Confounding
An unobserved factor that is correlated with turbidity is causally related to the increase in gastrointestinal illness. e.g., rainfall events might increase turbidity in source water but exposure to pathogens might be via recreational water contact rather than drinking water.
Confounding cannot be ruled out with certainty in a non-randomised study design but appropriate analyses were performed by most studies to adjust for potential confounders including temperature, seasonality, and day of the week. The results do not match patterns that might be expected for recreational water transmission (associations found in spring rather than summer by Hsieh et al. (2015) .
Methods
The workshop was one component of a larger project funded by the Water Research Foundation. The research team received funding to conduct a critical review of epidemiological studies of drinking water turbidity and gastrointestinal illness, and convene an expert workshop to review the research team's progress. The Water Research Foundation formed a Project Advisory Committee (PAC) consisting of experts from a variety of institutions and disciplinary backgrounds to review project progress. The research team and PAC met roughly quarterly to review project progress. The research team developed and circulated a draft report summarising the results of their literature review to participants in advance of the workshop. Thus, the workshop was a review not just of the studies themselves, but also of the research team's draft evaluation of the studies. The sections below describe the development of the literature review and then the steps in organising and evaluating the workshop.
Literature review on turbidity in relation to gastrointestinal illness
The research team carried out a systematic review of scientific literature for epidemiologic studies that evaluated associations between drinking water turbidity and acute gastrointestinal illness. Keyword searches were conducted in the following databases: MEDLINE (PubMed), JSTOR, Web of Science, and ProQuest databases [see De Roos et al. (2016) for further details]. In addition, the citation lists of published reports were reviewed to find additional studies. The research team identified a total of 14 studies in the form of peer-reviewed studies, conference proceedings, government reports, and dissertations. All members of the research team systematically reviewed each study and discussed a fixed set of issues for each study in turn, including study design, measurement error, misclassification, statistical methods, confounding, multiple comparisons, assessment of multiple lags, presentation, and conclusions. The contributions of each study to the overall weight of evidence for an association between drinking water turbidity and acute gastrointestinal illness were drafted into a 'summary paper'. The summary paper was distributed to the PAC in July 2015 for review.
Workshop attendees
The workshop attendees belonged to four overall groups: the research team, the PAC, invited experts, and the Water Research Foundation project coordinator. The research team consisted of academics, including an engineer, an epidemiologist, a social scientist, and two biostatisticians. The PAC included three utility personnel, an academic microbiologist, and an epidemiologist affiliated with a government agency. The research team proposed a potential list of experts to be invited to the workshop, based on subject matter expertise, known contacts, and recommendations from colleagues. The proposed list comprised statisticians, epidemiologists, risk assessors, and water industry experts. The research team initially proposed inviting a few authors of the epidemiological studies reviewed in the summary paper, given that authors would be knowledgeable about the details of the studies, including aspects that might not have been included in published reports. They envisioned that separate breakout sessions for critical review of the studies' claims could be convened which did not include the authors. However, the PAC advised against inviting the authors, and the research team eventually concurred. The revised list of invitees excluded the authors of the studies under review, but included researchers that had related prior experience conducting time-series studies of precipitation in relation to acute gastrointestinal illness. Each participant was offered an honorarium of $150. Of those invited, 38.5% participated in the workshop. The final attendees of the workshop included epidemiologists, statisticians, engineers, and microbiological risk assessors, in addition to the research team and PAC. They were affiliated with academic institutions, consulting services, regulatory agencies, the Water Research Foundation, or utilities. Figure 1 shows the various categories of affiliations, expertise and roles in the workshop of all the attendees. 
Events prior to the workshop

Review assignments
Before the workshop, the research team assigned each participant two epidemiological studies to examine, and in some cases asked participants to review related commentary (e.g., letters to the editor) on the studies under review. Each participant also received a set of individualised questions related to the assigned readings and intended to draw on the specific expertise of that participant. The research team's intention was to ensure that all experts were familiarised with at least some of the studies, and to also gather critiques on the methodological issues and interpretations of the studies.
Nearly one month before the workshop, the participating experts and the PAC were given access to a shared folder containing all of the studies being reviewed in the summary paper, along with a sub-folder containing additional, related studies and commentary.
Webinar
On September 30th, 2015 from 3:00 PM to 4:30 PM eastern standard time, the research team held a webinar for all participants. The aim was to present the findings of the summary paper, introduce areas of methodological challenges, and set the ground for the upcoming workshop. Issues such as measurement error, confounding, and assessment of multiple lags were discussed. Following the webinar, the research team distributed the summary paper to all participants via the shared folder and e-mail.
Survey administration
The research team designed a pre and post-workshop survey to assess any changes in the views of the attendees as a result of the expert workshop. The survey was designed and administered using the online survey software, survey monkey (see Appendix A for a copy of the survey). The pre-workshop survey was distributed on October 6, 2015, the workshop was held on October 15, 2016, and the post-workshop survey was distributed on October 22, 2015. The surveys were self-administered and anonymous. Given the small sample size, cross-referencing of descriptive information on responses might have allowed identification of some respondents. For this reason individual responses were kept confidential.
The survey included a total of 16 questions. Out of the total, ten were closed-ended questions pertaining to matters such as relevance of the studies to the current US drinking water system, methodological issues of study design, measurement error, and publication bias, amongst several others. An effort was made to word questions so as to elicit subjects' views on the importance of each issue in interpreting the overall weight of evidence of the studies by asking not just if the issue existed but if it was a threat to the validity of the studies or was a serious issue to consider in interpreting the studies. The responses to the closed-ended questions were recorded on a Likert scale, where '1' indicated 'strongly agree' and '5' indicated 'strongly disagree'. Three open-ended questions were dedicated to additional comments, years of professional experience, and the percentage of time devoted to drinking water issues. Three multiple choice questions pertained to the participant's affiliation, expertise, and role in the workshop.
Workshop facilitation
The workshop was held on October 15, 2015 at Drexel University, Philadelphia PA. The workshop agenda is provided in Appendix B. After an initial plenary session, participants were divided into three breakout groups, each with a mix of participants with different expertise and affiliations. Each morning breakout group addressed one of three different methodological concerns with the studies (confounding, measurement error, and multiple comparisons). In the afternoon, new groups were formed and each group considered in turn each of three different issues of interpretation of the studies (mechanistic plausibility of the association, population impact, and future research needs). A dedicated note taker was present for all plenary and breakout sessions.
Statistical analysis
In order to analyse a change in perception before and after the workshop, we performed independent sample t-tests (since the surveys were anonymous and response rates differed, paired t-tests could not be conducted). Analysis of variance (ANOVA) tests were carried out to test for a difference in means between the groups based on affiliation (university, utility, consultant, and other), expertise (engineering, epidemiology, statistics, public health other than epidemiology, and other), and role in workshop (research team, PAC, invited participant). Statistical analysis was performed using the statistical software SAS version 9.3. Table 2 presents the results for the independent-sample t-test that was conducted comparing pre-workshop (N = 23) and post-workshop (N = 18) survey responses. The loss to follow up in the post-workshop response may reflect fatigue with a fairly demanding process (reading a lengthy review paper and some of the original studies, responding in writing to specific charge questions, and attending an all-day workshop) for which the honorarium of $150 would cover only a small fraction of the value of their effort.
Results
The only statistically significant difference in means was seen between the pre-workshop (mean = 2.75 and SD = 0.90) and post-workshop survey response (mean = 3.33 and SD = 0.97) on whether the studies make a case that more should be done to ensure the quality of US drinking water; t (40 degrees of freedom) = -2.01, p-value = 0.05. As 3.0 on the Likert scale indicated a neutral attitude toward the statement, the average response shifted from weak agreement with the statement to weak disagreement. No other survey question showed a statistically significant change pre to post-workshop.
Most average responses were close to the neutral point of the scale (e.g., a range from 2.5-3.5). There were three average responses, which fell outside of this range. The first is the response regarding the relevance of the studies to the current US drinking water systems. The average was tilted modestly toward agreement that the studies are relevant both before (average = 2.21) and after (average = 2.28) the workshop. The second is the response regarding whether more stringent turbidity regulations would be useful as a way of improving US drinking water quality. The pre-workshop response averaged slightly toward disagreement with more stringent turbidity regulation although it was still within the 2.5 to 3.5 range (average = 3.42). The disagreement with more stringent turbidity regulation became somewhat more pronounced in the post-survey, such that the average fell outside of the 2.5 to 3.5 range (average = 3.89). The third response that fell outside the 2.5 to 3.5 range regarded whether multiple comparisons issues are a threat to the validity of the studies. The pre-survey response (average = 2.46) just barely fell outside of the 2.5 to 3.5 range indicating that the average response tended to agree that multiple comparisons issues threatened the validity of the studies. After the workshop, average response shifted just barely but enough to fall into the neutral range (average = 2.5). This represents a very minor and non-significant shift toward less concern with multiple comparisons issues in the studies. Notes: *p-value < 0.05; pre-workshop survey, N = 24; post-workshop survey, N = 18; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree.
The tendency of the average responses to be close to the neutral point of the scale should not be taken as evidence that respondents did not have strong opinions about the studies. The neutral ratings resulted from the averaging out of disparate opinions rather than a clustering around moderate values. The standard deviations of around 1 unit on a fivepoint scale represent a substantial amount of variability. In most cases, responses ranged over all or almost all of the scale provided to respondents. Specifically, responses ranged over all 5 points of the Likert scale for four of the ten Likert scale questions and over 4 of the 5 points on an additional five questions, for both the pre and post-survey range of responses. dropped 'regulatory agency' group, N = 1; mean response by affiliation; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree.
In general, the change in survey responses can be characterised as small, non-significant shifts toward less favourable views of the studies. For example, the response as to whether the associations detected by the study are 'real/attributable to drinking water' shifted from a slight tilt toward agreement before the workshop (average = 2.75) to a slight tilt toward disagreement after the workshop (average = 3.17), although this difference was not statistically significant.
If the workshop had produced consensus on these points then one would expect to see lower standard deviations on the post-survey than on the pre-survey. Six of the standard deviations increased while four decreased on the post-survey. This indicates that the workshop did not systematically reduce the variability in responses among participants.
There was no one methodological issue that stood out as causing concern. Averages suggested some concern with measurement error in the independent variable, turbidity (pre and post means of 2.75 and 2.56), measurement error in the dependent variable of gastrointestinal illness (2.50 and 2.61), multiple comparisons issues (2.46 and 2.50), and publication bias (2.83 and 2.67), but no one issue stood out. Table 4 describes the one-way ANOVA which investigated whether affiliations of the survey respondents, including academic institutions (N = 13), consulting firms (N = 3), water utilities (N = 3), and 'other' (N = 3), were associated with differences in response. As most of the responses were similar for the pre and post-survey, the results presented here focus on the pre-survey, which had a larger sample size (N = 23), more accurately reflecting the composition of workshop attendees.
A significant difference in means was detected for the question on whether the studies were relevant to current US drinking water systems (p-value = 0.04). The respondents affiliated with academic institutions (mean = 1.85) and those noting their affiliation as 'other' (mean = 1.67) has the closest opinions, which vary greatly from the utility group (mean = 3.33). The groups belonging to the academic institution and 'other' categories expressed more agreement that these studies are relevant to the US drinking water systems, whereas the utility group was more neutral with a slight trend to disagree. Significant differences were also found between groups with regard to the whether the studies were well designed (p-value = 0.02). The group affiliated with academic institutions (mean = 2.46) agreed that the studies were well designed, whereas the consultants (mean = 4.00) were at the other end of the spectrum with their opinions. Also, there were significant differences in the views about whether the measurement error introduced by imprecise turbidity measurements is a threat to the validity of these types of studies (p-value = 0.05). Those affiliated with academic institutions were more neutral (mean = 3.15) compared to the other three groups (consulting = 2.33, utility = 2.33, and 'other' = 2.00), which agreed measurement error is a threat. Overall, those affiliated with academic institutions seemed to standout from the rest of the groups. Their opinions were generally more supportive of the studies. Table 4 presents the one-way ANOVA by expertise, which includes the following categories: engineers (N = 3), epidemiologists (N = 5), statisticians (N = 5), public health (non-epidemiologists, N = 3), and others (N = 7). A marginally significant difference was revealed when asked whether the studies were well designed (p-value = 0.053). The largest difference in opinion was between epidemiologists (mean = 2.20) who agreed that the studies were well designed, and the 'others' whose opinions tended towards disagreement (mean = 3.71). No other significant differences in opinions were seen based on expertise. These studies make a case that more should be done to ensure the quality of US drinking water. If the microbiological quality of US public water supplies was judged to be in need of improvement, more stringent regulation of turbidity would be useful. The risk of gastrointestinal illness from a US public drinking water supply that complies with all regulatory requirements is too small to detect. dropped 'other' group, N = 1; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree. Table 5 depicts the one-way ANOVA to test for difference in means with responses grouped by the participant's role in the workshop (invited participant, PAC, and research team). The ANOVA indicated a significant difference among the groups with regard to whether the studies were well designed (p-value = 0.007). The research team had the most supportive view (mean = 2.00) while the PAC (mean = 3.60) had the most unfavourable view of the design of the studies. The invited participants had a more neutral opinion (mean = 3.08).
In terms of whether the associations detected by the studies were generally real/attributable to drinking water quality, there were significant differences between groups (p-value = 0.002). The research team (mean = 1.83) on average agreed the most with the statement, while both the invited participants (mean = 3.08) and the PAC (mean = 3.00) had neutral opinions. Borderline significant differences were produced for whether the studies make a case that more should be done to ensure the quality of US drinking water (p-value = 0.052). The research team (mean = 2.0) tended towards agreement, while the PAC (mean = 2.80) and the invited participants were more neutral (mean = 3.08). Statistically significant differences were also seen for whether publication bias was a serious issue that needs to be accounted for when interpreting the literature (p-value = 0.02). This time the research team (mean = 3.83) was in disagreement of the statement, while the invited participants (mean = 2.50) and the PAC (2.40) had similar opinions that were more in agreement with publication bias being an issue.
Overall, the research team responses reflected somewhat favourable views of the studies and their relevance while the invited participants and PAC tended toward a more neutral or somewhat unfavourable view of the studies.
The one-way ANOVA results for the post-workshop survey are given in Appendix C, run for the same tests that showed significant results in the pre-workshop analysis.
Discussion
This study found significant differences in opinions of studies of drinking water turbidity and acute gastrointestinal illness among participants based on their expertise, affiliation, and role in the workshop. The clearest difference was between the research team and other workshop attendees, with the research team generally expressing the most support for the studies while other participants had a neutral to somewhat negative view of the studies. The workshop did not appear to produce consensus, as variances in responses did not systematically decrease on the post survey. What differences were found between the pre and post-survey were generally modest and non-statistically significant shifts in opinion toward less support for the studies as valid and relevant to drinking water risks. The lack of significance reflects both the small size of the sample and the strength of the effect. The relatively small sample size is clearly a limitation of this study, although it is a common limitation of studies of expert opinion given the limited pool of subjects to draw from and competition for their time. The study did have power to identify an observed difference in means of 0.58 as significant (Table 3) , which indicates that it did have power to detect dramatic shifts. However, there were likely some more subtle shifts in opinions that this study lacked the power to detect.
Loss to follow up is another limitation of this study, as it reduces the statistical power of the study. It is also possible that differences in pre and post-surveys are the results of differential persistence in the study. If loss to follow up is random, then it should not bias the response averages. It is possible that loss to follow up was differential with respect to views of the studies (e.g., if those with strong negative views were motivated to remain in the study to express those views), but there was no specific evidence of this. Epidemiologists and other public health experts showed no loss to follow up, yet the responses of both groups to the question of whether the studies are well designed became less favourable on the post-survey (from 2.2 to 2.8 for epidemiologists and from 3 to 3.67 for other public health experts). Statisticians had substantial loss to follow up (from n = 7 on the pre-survey to n = 3) yet their response shifted towards a more favourable view (2.6 to 2.33). These results are consistent with view that the opinions shifted to less favourable views of the studies due to the influence of the workshop rather than differential loss to follow up. It should be stressed that only one of these shifts in pre vs. post-survey results was statistically significant; the statistically significant shift was the decreased agreement with the statement that these studies make a case that more should be done to ensure the quality of the US drinking water supply.
The failure to discriminate greatly among four possible threats to the validity of the studies (measurement error in turbidity, measurement error in cases of gastrointestinal illness, multiple comparisons, and publication bias) is consistent with 'halo' effects where an overall impression of an object or person is formed that drives multiple assessments of different diverse characteristics of the person or object (Plous, 1993) . However, it is equally consistent with a discriminating technical judgment, which happened to produce similar moderate levels of concern for these four items.
The failure to produce consensus or a clear endorsement or refutation of the studies is perhaps not too unexpected given the complex issues involved in evaluating these studies, as well as the variety of disciplinary perspectives and the varying understanding of epidemiological methods among participants. In addition, the amount of material was vast, and only the research team was provided funding which allowed time to review all of the studies.
Workshops such as ours take place in a range of different contexts and with different goals. Formal, structured methods may be used, such as the nominal group technique and the Delphi method, and are generally preferred when the conveners are able identify important issues in advance or have the time and resources to allow important issues to be identified through iteratively applying such approaches, but less structured workshops may be appropriate in a context where this is not possible. In some cases, consensus is sought within a single discipline, such as the study of Lambe and Bristow (2010) which sought to identify the attributes of effective physicians, the study of Kiessling et al. (2010) which sought to identify priorities for medical education, and the study of the validity of hospital performance indicators of Davies et al. (2011) , all of which recruited experts with medical backgrounds. In other cases, knowledge must be assembled from experts with different disciplinary backgrounds. Constenla et al. (2013) sought to identify methods for valuing the impacts of dengue that required assembling information from epidemiologists, clinicians, economists, and policy makers, and those with knowledge of different geographic locations. While these different disciplines may have different views, they do not necessarily have an interest in the outcome.
All of these studies (Lambe and Bristow, 2010; Kiessling et al., 2010; Davies et al., 2011; Constenla et al., 2013) reported progress towards consensus. However, even in these cases consensus was not necessarily complete. For example, Lambe and Bristow (2010) reported that standard deviations on a five-point Likert scale on a second round Delphi survey ranged from 0.48 to 1.26. This is lower than the range of 0.66 to 2.39 found here, but there is some overlap in the ranges.
In some contexts, the achievement of consensus is not considered a realistic goal. For example, Varho et al. (2016) conducted an assessment of small-scale renewable energy production for which they note that some participants might be viewed as 'stakeholders' rather than 'experts'. In this situation, they did not seek to achieve consensus but instead employed a 'dissensus' approach in which different schools of thought are identified through the process rather than seeking to identify a single consensus output. This approach is in line with that of the present study, which did not achieve consensus but was able to characterise the range of opinions and identify differences among different stakeholder groups.
Some barriers to consensus development have been documented. Research indicates that individuals will develop arguments that oppose a previous expressed moral choice if they are tricked into believing that they had previously expressed the opposing view (Hall et al., 2012) . This suggests that individuals value consistency and may favour arguments that support prior positions even if their natural introspective process would lead to opposite conclusions. This presents a considerable barrier to development of consensus when participants have previously expressed conflicting views on the subject. The possible existence of 'backfire' effects, where individuals become more entrenched in their views when presented with contrary information, would present an even higher barrier to development of consensus, but a recent analysis suggests backfire effects are relatively rare and may exist only in specialised contexts (Wood and Porter, 2016) .
Contexts in which experts are more homogenous and more able to serve as disinterested participants may lend themselves better to consensus building, while heterogeneous experts with interests in the issue may be less able to achieve consensus. The divergence of opinion by affiliation and discipline was noted in this study. Even sub-disciplines within the same discipline may differ as shown by Davies et al. (2011) who found that responses among doctors different significantly among general practitioners and specialists. While it is likely that general practitioners and specialists would have differing interests in how quality assessments are performed, Davies et al. (2011) did not address the reasons for the diverging views of these two groups.
This study employed some aspects of the Delphi process. Specifically, it used a repeated anonymous survey and undertook a statistical characterisation of responses. However, the study lacked a key element of the Delphi process, which is a controlled feedback step in which results from the previous round are shared with participants (van Teijlingen et al., 2006) . Providing more controlled feedback than was available simply through participating in the workshop (survey response statistics and anonymised summarises of response justifications provided by other experts) might have assisted participants by providing them with additional information so that they could come to considered judgments. However, this would have required experts to spend additional effort reviewing the feedback. The survey was seen as an evaluation instrument rather than the primary outcome of the workshop, and hence, the additional effort on the part of the invited experts was not requested. However, further efforts might benefit from greater use of more structured methods for interactions among experts.
Although the workshop did not greatly change opinions, it did enable the research team to understand and describe what had happened at the workshop. In particular, the survey made it clear that the opinions expressed in the workshop's discourse were not necessarily shared by all attendees, even when counter arguments were not offered publicly. For example, the discussion of publication bias was summarised in the project report as follows:
"The possibility that publication bias prevented null studies from contributing to the weight of evidence was briefly discussed, and members of the group commented that there is now an abundance of journals and it is feasible to publish a null result, although perhaps not in as highly-ranked of a journal." (De Roos et al., 2016) A parallel discussion group is also summarised in the final report in a manner that gives little support to concerns over publication bias:
"The overall trend of study findings over time did not appear to be a strong initial positive result followed by null results, as is often observed with false positive findings in epidemiology." (De Roos et al., 2016) This summary depicts the point as having been raised and then refuted based on the knowledge of the group. No expressed counter opinion was recorded for either session although interestingly the issue that one might have thought was resolved was briefly noted in the description of the closing discussion:
"Caveats such as studies being significant only in some populations and seasons, and publication bias were mentioned." (De Roos et al., 2016) Based on the technical discourse one might conclude that concerns over publication bias had been attenuated by the workshop discussion, although, perhaps not totally resolved in the minds of all participants. However, the survey results reveal a non-significant increase in concern over publication bias after the workshop. Whether this is a random fluctuation, whether raising the issue heightened its availability in participants' minds and increased concern, or whether participants were privately sceptical of the argument and experience presented during the discussion but chose not to speak, is not clear. What can be said is that the simple narrative of an issue being raised and resolved is not correct. This conclusion directly informs future work, as further efforts to discuss these studies will need to continue to address this ongoing concern.
A similar dynamic appears to have been operating in the discussion of measurement error. The pre to post-survey comparison shows a non-significant shift towards agreement with the idea that measurement error was a threat to the validity of the studies and an increase in the standard deviation of the responses. A breakout session was devoted to this topic. This session provided a lengthy forum for airing strong concerns expressed by some, which may even have hindered the adoption of a more supportive view. The open-ended survey responses show how strong some were in their view that measurement error was a concern as one pre-survey respondent stated:
"recognized variability in the measurement from sources with no possible linkage to public health is not respected by the study authors either in the formulation of hypotheses or subsequent analysis."
A post-survey response described the strong opinions of one participant "I was surprised by how adamant [one participant] was about measurement error." In contrast, the defence of the studies against concerns over measurement error is more nuanced. One cannot dismiss the concern, but must note that measurement error would need to be differential. In a public discussion, strong criticism may win out over nuanced support.
Future studies should seek to improve on the survey questions used here as three survey responses (two on the pre-survey and one on the post survey) expressed criticism of the questions used. One respondent on the post-survey praised the survey as a "good way to collect the views of participants" but noted that the questions were difficult to answer. A response on the pre-survey provided more specific feedback stating that the range of answers was not always adequate to express views on these complex issues and that response would often vary by study. Asking questions about individual studies would not be feasible given the number of studies and the burden that it would place on respondents to individually evaluate each study. The research team sought to elicit opinions about an overall weight of evidence, in order to force a summary response that would be interpretable. In future efforts, it might be preferable to use a term such as 'combined weight of evidence provided by these studies' in phrasing the survey questions rather than simply referring to 'these studies'. In addition, the possibility of adding more nuance to available response options and differential responses by study are options that should be explored, while bearing in mind the need to have a reasonably short survey that produces interpretable summary results. Is it mechanistically plausible that spikes in turbidity are associated with excess risk of GI illness? What mechanisms of action are worth consideration, and how do the results of the studies support or argue against particular mechanisms?
• Population impact (Lucy and Issa)
By assuming that water with turbidity ≤ 0.1 NTU was not contributing to GI illness, Aramini (2002) estimated that drinking water with turbidity levels above 1 NTU accounted for approximately 1.6% of all GI-related physician visits, 0.6% of GI-related hospital admissions, and 1.6% of GIrelated paediatric emergency room visits in Vancouver, BC. Discuss sources of underestimation or overestimation in these estimates. What additional data or estimation techniques would be useful to inform this question?
• Filling in the data gaps (Anneclaire and Arjita)
Are there additional analyses of data presented in the studies that would fill important data gaps or enhance interpretation? Consider reanalysis of existing study data, as well as the benefit of adding other easily obtainable variables to those time series. Discuss how these additional analyses will inform on the original study question. These studies are relevant to current US drinking water systems. Only significant results from survey 1 analysed for survey 2; means by affiliation; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree. Only significant results from survey 1 analysed for survey 2; ANOVA means by expertise; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree. Only significant results from survey 1 analysed for survey 2; means by role in workshop; Likert scale: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly disagree.
